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Abstract: It is well know that the use of surdough is essential for rye bread making. Some 
bacterial starter cultures have the abilities to synthesize the homoexopolysaccharides (HoPS) in 
sourdoughs. The HoPS improve the texture, quality and shelf life of bread, and are known to have 
prebiotic behavior.   
The aim of our study was to investigate the abilities of six starter strains of lactic acid bacteria 
(LAB) to produce HoPS in sourdoughs. Four starter strains from MIUG collection Weissella confusa 
(UGAL1), Lactococcus lactis ssp. Lactis (UGAL2), Lactobacillus plantarum (15GAL), Lactobacillus 
brevis (16GAL), and two comercial strains Lactobacillus plantarum and Lactobacillus brevis (DI-
PROX MTTX) and Lactobacillus helveticus (LH-B02), were used. The sourdougs were prepared 
using whole meal rye; the dough yield was 300. After 20 hours of fermentation at 37°C the HoPS were 
separated, and after acid hydrolysis the monosaccharides were quantified using enzymatic UV method, 
and by high-performance liquid chromatography.  
The total water-soluble polysaccharides content from sourdough was determined by phenol-
sulfuric acid method. Excepting the 15GAL and 16GAL strains, all other tested LAB are HoPS-
producing. The levels of HoPS ranged between 0.88 to 1.75 mg/g of whole rye flour.  
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INTRODUCTION 
 
Sourdough is essential for rye bread making. Sourdoughs can be classified into three 
types, and each type is characterized by specific LAB microflora. Types I sourdoughs are 
produced through traditional techniques when the process is performed at ambient 
temperature (20-30°C) and the final pH is about 4.0 (de Vuyst and Neysens, 2005; de Vuyst 
and Vancanneyt, 2007; Corsetti and Settanni, 2007). Types II sourdoughs are semi-fluid silo 
preparations obtained through long fermentations (2-5 days) at high temperatures (>30°C); 
after 24 hours of fermentation the pH decreases below 3.5. Types III sourdoughs are dried 
dough in powder form which are initiated by starter cultures resistant to the drying process. 
Both types II and III sourdoughs require the addition of baker’s yeast as leavener. 
Homoexopolysaccharides (HoPS) are the exogenous secondary metabolites which are 
produced by acid lactic bacteria during the dough fermentation. HoPS are composed by only 
one type of monosaccharide and are synthesized by extracellular glucosyl- and 
fructosyltransferases (glycosyltransferases) using sucrose as the glycosyl donor (Kralj, 2004). 
HoPS can be found in all types of sourdough (Kaditzky and Vogel, 2008). The HoPS improve 
the texture, quality and shelf life of the bread, and are also known for they prebiotic behavior 
(Corsetti and Settanni, 2007).  
The aim of our study was to investigate the abilities of different LAB strains to 
produce HoPS in rye sourdoughs.  
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MATERIALS AND METHODS 
 
Materials.  
Commercial whole rye flour retailed on the local market (Galati, Romania) was used 
in this study. The ash content of the flour and the falling number value were 1.9% and 308 s, 
respectively. 
The following LAB strains were used: Lactococcus lactis ssp. Lactis (UGAL2), 
Weissella confusa (UGAL1), Lactobacillus plantarum (15GAL), Lactobacillus brevis 
(16GAL) from MIUG collection (Faculty of Food Science and Engineering, University 
Dunarea de Jos, Galati, Romania), and the commercial strains Lactobacillus plantarum and 
Lactobacillus brevis (DI-PROX MTTX, from EDR Ingredients, Romania), Lactobacillus 
helveticus (LH-B02, from Chr Hansen, Romania) and K. marxianus ssp. marxianus (LAF-4, 
from Chr. Hansen, Romania).  
Sourdough fermentation.  
Sourdoughs were prepared by mixing in a large beaker tap water, whole rye flour and 
inoculum of LAB, to get giving a dough yield (DY, mass of dough/mass of flour x 100) of 
300, in a large beaker. After covering with aluminum foil, the beakers were placed in an 
incubator at 40°C for 16 hours, in case of sample with Lactobacillus helveticus and K. 
marxianus subsp. marxianus, and at 30°C for 20 hours, in all other cases.  
The size of inoculum for LAB from MIUG collection was 3-5 x 108 ufc/100 g 
sourdough. In case of commercial strains the inoculum was prepared in agreement with 
producer recommendation.  
The control sourdough (DY 300), prepared without inoculum, was incubated at 30°C 
for 20 hours. 
Methods.  
Measurements of pH and total titratable acidity (TTA) were performed according to 
the Romanian standard methods 90/2007. The TTA value is defined as the amounth of 0,1 N 
NaOH solution (ml) used to neutralize 10 g sample weight.  
In order to be characterised, the HoPS were first isolated from sourdough and 
afterwards purificated with ethanol according to the procedure described by Vasilean (2010).  
The hydrolysis of HoPS was carried out at 80°C with 1 M H2SO4 for 2 h (Tieking et 
al., 2003). Afterwards the monosaccharides were identified by high-performance liquid 
chromatography (HPLC) using an Altima Amino 100Å column and refractive-index detector. 
Volumes of 10 µl samples were injected into the HPLC column and heated up to 30°C. The 
mobile phase consisted of acetonitrile:water solution (75:25, v/v). The flowing rate was 1.3 
ml/min. For peak identification, an external standard was used containing arabinose, xylose, 
glucose and fructose.  
The total water-soluble polysaccharides (WS-PS) content was determined by phenol-
sulfuric acid method (Taylor, 1995).  
The glucose content from the hidrolysed HoPS was quantified by enzymatic UV 
method (R-Biopharm, Boehringer Mannheim). Total pentosans were calculated as difference 
between WS-PS and glucose concentration.  
 
RESULTS AND DISCUSSION 
 
The pH of the sourdoughs after 20 hours of fermentation was 5.51, in case of 
spontaneous fermentation and ranged between 3.76 and 3.98, in case of fermentation with 
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starter cultures. Correspondingly the TTA value of sourdough was significantly higher toward 
spontaneous fermentation (Tab. 1). 
 
Tab. 1 
pH and TTA values of sourdoughs after 20 hours of fermentation 
 
Fermentation type pH TTA 
Spontaneous fermentation 5.51 6.21 
DI-PROX MTTX (Lb. plantarum + Lb. brevis) 3.91 12.39 
LH-B02 (Lb. helveticus) + LAF-4 (K. marxianus subsp. marxianus) 3.98 11.56 
15GAL (Lb. plantarum) + 16GAL (Lb. brevis) 3,87 12.96 
UGAL1 (W. confusa) 3.76 13.21 
UGAL2 (Lc. lactis ssp. Lactis) 3.79 13.51 
 
The presence of HoPS in the sourdough was first check by means of HPLC. The 
obtained results indicate that, except for 15GAL +16GAL, all tested LAB are HoPS 
producing. In Fig. 1a, b, c are presented the chromatograms obtained for control sourdough 
(without inoculum), sourdough with UGAL2 and with DI-PROX MTTX, respectively. The 
arabinose and xylose were identified in all sample, whereas the fructose could not be detected.  
The WS-PS content ranged between 9.35 and 12.11 mg/g flour (Tab. 2). The levels of 
the pentosans from sourdoughs fermented with HoPS producing LAB ranged between 9.87 
and 10.36 mg/g flour. The lowest pentosans contents were found in case of the spontaneous 
fermentation and of the 15GAL +16GAL (9.27 and 9.16 mg/g flour, respectively). As 
indicated by Tieking et al. (2003) during fermentation the levels of the arabinose and xylose 
from water-soluble polysaccharides (WS-PS) increases indicating pentosans solubilization. 
Katina (2005) found that the molecular size of pentosans decreased during sourdough 
fermentation. 
 
Tab. 2 
Water-soluble polysaccharides of rye sourdoughs 
 
Fermentation type Water-soluble polysaccharides, 
mg/g flour* 
Pentosans, 
mg/g flour 
Glucose, 
mg/g flour 
Spontaneous fermentation 10.75 9.27 1.48 
DI-PROX MTTX 
(Lb. plantarum + Lb. brevis) 
12.11 10.36 1.75 
LH-B02 (Lb. helveticus) + LAF-4 (K. 
marxianus ssp. marxianus) 
11.25 9.87 1.28 
15GAL (Lb. plantarum) + 16GAL 
(Lb. brevis) 
9.35 9.16 0.19 
UGAL1 (W. confusa) 11.05 10.17 0.88 
UGAL2 (Lc. lactis ssp. Lactis) 11.29 10.23 1.06 
*dry weight 
 
The levels of glucose found in WS-PS are presented in Table 2. In sourdough 
fermented with DI-PROX MTTX, LH-B02 + LAF-4, UGAL1 and UGAL2 were found high 
glucose levels. These results suggest that the above mentioned strains are able to synthesize 
HoPS consisting mainly of glucose moieties. The high glucose content found in case of the 
control sourdough (1.48 mg/g flour) could be explained by the activity of dough amylases 
which were not inhibited by acidification. The glucose levels were 4.6-9.2-fold-higher in case 
of the sourdough fermented with DI-PROX MTTX, LH-B02 + LAF-4, UGAL1 or UGAL2, 
compared to the sample fermented with 15GAL +16GAL.  
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Fig. 1. Chromatograms obtained for control sourdough (without inoculum) (a),  
sourdough with UGAL2 (b) and sourdough with DI-PROX MTTX (c) 
 
CONCLUSIONS 
 
It was shown that all LAB strains investigated, except for 15GAL +16GAL, formed 
considerable amounts of HoPS during rye sourdough fermentation. Our results indicate that 
DI-PROX MTTX produced the largest amount of HoPS. 
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